Identification of Staphylococcus saprophyticus isolated from patients with urinary tract infection using a simple set of biochemical tests correlating with 16S–23S interspace region molecular weight patterns  by Ferreira, Adriano Martison et al.
Journal of Microbiological Methods 91 (2012) 406–411
Contents lists available at SciVerse ScienceDirect
Journal of Microbiological Methods
j ourna l homepage: www.e lsev ie r .com/ locate / jmicmethIdentiﬁcation of Staphylococcus saprophyticus isolated from patients
with urinary tract infection using a simple set of biochemical tests
correlating with 16S–23S interspace region molecular weight patternsAdriano Martison Ferreira a,b, Mariana Fávero Bonesso a,b,
Alessandro Lia Mondelli c, Maria de Lourdes Ribeiro de Souza da Cunha a,⁎
a Department of Microbiology and Immunology, Botucatu Biosciences Institute, UNESP — Univ. Estadual Paulista, Botucatu, SP, Brazil
b Department of Tropical Diseases, Botucatu School of Medicine, University Hospital, UNESP — Univ. Estadual Paulista, Botucatu, SP, Brazil
c Department of Internal Medicine, Botucatu School of Medicine, University Hospital, UNESP — Univ. Estadual Paulista, Botucatu, SP, Brazil⁎ Corresponding author at: Department of Microbiolog
Institute Bacteriology Laboratory, UNESP, Botucatu, Caixa
Brazil. Tel.: +55 14 38116058.
E-mail addresses: adrianomartison@hotmail.com (A
mfbonesso@hotmail.com (M.F. Bonesso), dralessandro@
cunhamlr@ibb.unesp.br (M.L.R.S. da Cunha).
0167-7012 © 2012 Elsevier B.V.
http://dx.doi.org/10.1016/j.mimet.2012.09.024
Open access under the Elsea b s t r a c ta r t i c l e i n f oArticle history:
Received 16 April 2012
Received in revised form 21 September 2012
Accepted 21 September 2012
Available online 3 October 2012
Keywords:
Staphylococcus saprophyticus
Urinary tract infection
Identiﬁcation methods
ITR-PCR
Automated systemsThe emergence of Staphylococcus spp. not only as human pathogens, but also as reservoirs of antibiotic resis-
tance determinants, requires the development of methods for their rapid and reliable identiﬁcation in med-
ically important samples. The aim of this study was to compare three phenotypic methods for the
identiﬁcation of Staphylococcus spp. isolated from patients with urinary tract infection using the PCR of the
16S–23S interspace region generating molecular weight patterns (ITR-PCR) as reference. All 57
S. saprophyticus studied were correctly identiﬁed using only the novobiocin disk. A rate of agreement of
98.0% was obtained for the simpliﬁed battery of biochemical tests in relation to ITR-PCR, whereas the Vitek
I system and novobiocin disk showed 81.2% and 89.1% agreement, respectively. No other novobiocin-
resistant non-S. saprophyticus strain was identiﬁed. Thus, the novobiocin disk is a feasible alternative for
the identiﬁcation of S. saprophyticus in urine samples in laboratories with limited resources. ITR-PCR and
the simpliﬁed battery of biochemical tests were more reliable than the commercial systems currently avail-
able. This study conﬁrms that automated systems are still unable to correctly differentiate CoNS species and
that simple, reliable and inexpensive methods can be used for routine identiﬁcation.
© 2012 Elsevier B.V. Open access under the Elsevier OA license.1. Introduction
Staphylococcus saprophyticus is the second most frequent acute
agent of community-acquired urinary tract infections (UTI) after
E. coli (Henry et al., 1998; Gupta et al., 1999). This staphylococcal
species is mainly isolated from the urine of sexually active young
women (Jordan et al., 1980; Abrahamsson et al., 1993; Svanborg
and Godaly, 1997) and causes symptoms that are undistinguishable
from those caused by Escherichia coli. Septicemia and pyelonephritis
caused by this microorganism have also been recorded (Colledge,
1989; Lee et al., 1987).
Other coagulase-negative staphylococci (CoNS) usually show un-
certain pathogenicity for the urinary tract. Nevertheless, several
researchers have evaluated the presence of some CoNS species
(Staphylococcus haemolyticus, Staphylococcus simulans, Staphylococcus
sciuri, Staphylococcus capitis, Staphylococcus xylosus, Staphylococcusy and Immunology, Biosciences
Postal 510, CEP 18618-970, SP,
.M. Ferreira),
hotmail.com (A.L. Mondelli),
vier OA license.warneri, Staphylococcus cohnii, Staphylococcus lentus, and Staphylococcus
hominis) that play a clinically signiﬁcant role in UTI (Guirguitzova et al.,
2002; Alcaráz et al., 2003).
The emergence of Staphylococcus spp. not only as human patho-
gens, but also as reservoirs of antibiotic resistance determinants, re-
quires the development of rapid and reliable identiﬁcation methods.
In routine laboratories, S. saprophyticus is generally identiﬁed based
on novobiocin (5 μg) resistance, the absence of hemolysis, and nega-
tive coagulase and/or DNAse tests. However, it has been recognized
that other CoNS species, including S. cohnii, S. sciuri, S. xylosus and
S. hominis, are also resistant to novobiocin at this concentration
(Hussain et al., 1986; Konemann et al., 2001). These results suggest
that additional tests such as carbohydrate fermentation need to be
performed concomitantly with novobiocin susceptibility testing for ac-
curate identiﬁcation of CoNS species (Cunha and Lopes, 2002).
Various commercial systems for staphylococcus identiﬁcation have
been developed over the past few years as an alternative to the classic
identiﬁcation protocols proposed by Bannerman (2003), which are la-
borious and time consuming for routine laboratory use. Automated
processes and commercial kits based on miniaturized biochemical
tests are nowadays used in both routine laboratories and research.
However, these diagnostic systems are still not capable of reliably dif-
ferentiating CoNS species due to the variable expression of phenotypic
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mated systems and kits are based on colorimetric results and subjec-
tive interpretation may lead to ambiguity (Couto et al., 2001). In
2004, Cunha et al. (2004) proposed a new identiﬁcation key, which
is known as the simpliﬁed battery of biochemical tests. This method
is divided into two phases. Seven biochemical tests are performed
during the ﬁrst phase, a number lower than that used in the reference
method (16 tests). The number of tests performed during the second
phase varies according to the results obtained in the ﬁrst phase. This
method was compared with the reference method proposed by
Kloos and Schleifer (1975) and Bannerman (2003) and showed 100%
agreement in accurate species identiﬁcation. The sensitivity and spec-
iﬁcity of this method make it highly efﬁcient for routine. In addition,
few tests are required and the method is therefore less costly and
faster than the reference method, providing results within 72 h.
DNA analysis is the preferential method for microorganism identiﬁ-
cation because of its high speciﬁcity and sensitivity. CoNS strains that
are not identiﬁed at the species level or are identiﬁed erroneously by
conventional phenotypic tests can be identiﬁed correctly by genotypic
techniques (Maes et al., 1997; Kawamura et al., 1998). Sequence analy-
sis of the 16S rRNA, sodA, rpoB, dnaJ and hsp60 genes (Riesen and
Perreten, 2010) and, more recently, mass spectrometry (MALDI-TOF)
are used today for the identiﬁcation of CoNS species (Fox et al., 2011).
Another technique for staphylococci identiﬁcation is ITR-PCR, which
has been widely used for the typing of bacterial lineages since the ITR
regions are highly polymorphic (Jensen et al., 1993; Gürtler and
Stanisich, 1996; Couto et al., 2001).
The identiﬁcation of CoNS is important to associate certain species
with speciﬁc infections (Rupp and Archer, 1994) since, in addition to
S. epidermidis and S. saprophyticuswhich are pathogenic, some species
such as S. haemolyticus, Staphylococcus lugdunensis and Staphylococcus
schleiferi are more frequently associated with infections than others
(Herchline and Ayers, 1991; Low et al., 1992).
Much effort was put into developing alternative identiﬁcation
methods that combine speed, reliability, and low cost. Therefore,
the aim of the present stud was to compare three phenotypic identi-
ﬁcation methods for staphylococci isolated from urine samples: a
simpliﬁed battery of biochemical tests using novobiocin susceptibility
testing, the automated Vitek I system, and ITR-PCR for genotypic
identiﬁcation as a reference.
2. Materials and methods
2.1. Samples
A total of 101 Staphylococcus spp. strains isolated from urine sam-
ples of different patients were used in the study. The samples were
collected in different hospital wards, outpatient units, emergency
rooms and health care centers in Botucatu and region between
March 10 and November 14, 2008, and were sent to the Laboratory
of Microbiology, Botucatu School of Medicine, University Hospital,
UNESP — Univ. Estadual Paulista, Botucatu, SP, Brazil. The research
project was approved by the Research Ethics Committee of the
Botucatu School of Medicine — UNESP (Permit No. 416/08-CEP).
2.2. Inclusion criteria
Included in the study were male and female subjects of all ages,
whose urine culture was positive for Staphylococcus spp. compatible
with UTI and a colony count ≥105 colony-forming units (CFU)/ml
according to the criteria of Kass (1956).
2.3. Exclusion criteria
Samples collected from vesical catheters, suprapubic punctures,
and positive urine cultures with b105 CFU/ml were excluded.2.4. Sample size estimation
Sample size was calculated using the formula of Fisher and Belle
(1993), assuming a 95% conﬁdence interval and 5% accuracy for the
expected prevalence of patients with UTI. The proportion of patients
with UTI caused by Staphylococcus spp., which was 5% in a study
conducted in the Laboratory of Microbiology, University Hospital,
Botucatu School of Medicine, was used as a basis. Although sample
size estimation indicated 73 strains as the minimum number, all
Staphylococcus spp. strains isolated between March 10 and November
14, 2008, which met the inclusion and exclusion criteria, were used,
for a total of 101 strains.2.5. Collection of urine samples
The patients were instructed to collect medium-jet urine after
cleaning the genital area. The ﬁrst jet was discarded and the medium
jet was collected into an appropriate sterile bottle. The remaining
urine was discarded. Samples from children and newborns were
obtained using an aseptically placed collection bag. The collector
was replaced at intervals of 45 min to 1 h and cleaning was repeated
in order to prevent fecal contamination. The samples collected at the
University Hospital of the Botucatu School of Medicine were
transported at ambient temperature (20 to 25 °C) and processed
within 1 h. The samples collected at the health care centers were
transported in thermal boxes under refrigeration and processed as
soon as they reached the laboratory.2.6. Isolation and colony count
The urine sample was homogenized and seeded using a disposable
loop (1 μl) without centrifugation. The loop was vertically immersed
in urine and seeding was performed by the depletion technique for
quantiﬁcation. The results are reported as CFU per ml urine.
The samples were seeded onto dishes containing cysteine lactose
electrolyte-deﬁcient agar medium and incubated for 18 to 24 h at a
temperature of 35 °C, and the number of colonies was counted.2.7. Phenotypic identiﬁcation of Staphylococcus spp.
The isolates were seeded onto blood agar with 5% sheep blood and
stained by theGrammethod for the evaluation of purity and observation
of their morphology and speciﬁc color. After these characteristics were
conﬁrmed, the strainswere submitted to tube catalase, DNAse and coag-
ulase testing (gold standard) in order to differentiate Staphylococcus
aureus and CoNS species as recommended by Konemann et al. (2001).
The genus Staphylococcus was differentiated from Micrococcus species
on the basis of the oxidation and fermentation of glucose, bacitracin re-
sistance (0.04 U) indicated by the absence of an inhibition halo or for-
mation of a halo≤9 mm, and susceptibility to furazolidone (100 μg)
characterized by an inhibition halo measuring >15 mm in diameter
(Baker, 1984).2.8. Phenotypic identiﬁcation of S. aureus
In addition to the tests described above, coagulase-positive
staphylococci were submitted to the trehalose fermentation test in
order to differentiate S. aureus from S. schleiferi subsp. coagulans
(Cunha et al., 2004).
For identiﬁcation using the automated Vitek I system (Biomérieux),
the results of the catalase and coagulase tests were informed by exter-
nal marks made on the identiﬁcation cards.
Table 1
Comparison of identiﬁcation methods.
Species Identiﬁcation methods
Novobiocin Vitek I Simpliﬁed
battery
ITR-PCR
N % N % N % N %
S. saprophyticus 57 56.4 48 47.6 57 56.4 57 56.4
S. aureus 17 16.9 17 16.9 17 16.9 17 16.9
S. epidermidis 27 26.7 12 11.9 15 14.9 16 15.9
S. haemolyticus 0 0 9 8.9 7 6.9 8 7.9
S. auricularis 0 0 6 5.9 0 0 0 0
S. simulans 0 0 4 3.9 0 0 0 0
S. warneri 0 0 4 3.9 4 3.9 2 1.9
S. lugdunensis 0 0 0 0 1 1.0 1 1.0
S. xylosus 0 0 1 1.0 0 0 0 0
Total 101 100 101 100 101 100 101 100
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CoNS were identiﬁed by the simpliﬁed battery of biochemical tests
described by Cunha et al. (2004), which are divided into two phases.
During the ﬁrst phase, fermentation of xylose, sucrose, trehalose,
maltose and mannitol, hemolysin production and anaerobic growth
in thioglycollate are tested. The tests performed during the second
phase vary according to the results obtained in the ﬁrst phase and in-
clude urease production, nitrate reduction, β-D-fructose fermenta-
tion, ornithine decarboxylation, and novobiocin resistance.
In addition to identiﬁcation by the simpliﬁed method, the isolates
were identiﬁed by the automated Vitek I system using the GPI
(Gram-Positive Identiﬁcation) card according to the manufacturer
instructions.
Presumptive identiﬁcation of S. saprophyticus was performed based
on novobiocin (5 μg) resistance and absence of hemolysis. Resistance
was deﬁned as the presence of an inhibition halo≤12 mm or the
absence of a halo, and susceptibility was deﬁned as the presence of an
inhibition halo>16 mm (Konemann et al., 2001). Resistant strains
were identiﬁed as S. saprophyticus and susceptible strains were consid-
ered to be Staphylococcus epidermidis (Trabulsi et al., 1989).
2.10. Nucleic acid extraction
Total nucleic acid was extracted from Staphylococcus strains
cultured in blood agar and individually inoculated into brain-heart
infusion at 37 °C for 24 h. Nucleic acid was extracted using the Illustra
Kit (GE Healthcare) according to manufacturer instructions and the
extracted DNA was stored under refrigeration at −20 °C.
2.11. Detection of the coa gene by the polymerase chain reaction
For ampliﬁcation, 1 μl of the DNA sample was added to 49 μl of the
reaction mixture containing 4 mmol/l M MgCl2, 200 μmol/l of each
dNTP, 15 pmol/l of each primer (coa1: 5′ GTA GAT TGG GCA ATT
ACA TTT TGG AGG 3′ and coa2: 5′ CGC ATC AGC TTT GTT ATC CCA
TGT A 3′), and 1 U Taq DNA polymerase. Ampliﬁcation was performed
in a TC-100TM thermocycler using the parameters described by Kearns
et al. (1999). A positive result was deﬁned as the presence of 117-bp
DNA fragments. Reference strains that were positive (S. aureus ATCC
29213) and negative (S. epidermidis ATCC 35983) for the coa gene
were included in the reactions.
The efﬁciency of ampliﬁcation was monitored by electrophoresis
on 3% UltrapureTM agarose gel prepared in 0.5X Tris-borate-EDTA
(TBE) buffer. A 100-bp molecular weight marker was used as stan-
dard. DNA was stained with SYBR® Safe and photographed under
UV transillumination.
2.12. Genotypic identiﬁcation of Staphylococcus spp.
The Staphylococcus spp. isolates were submitted to genotypic
identiﬁcation using primers of conserved sequences adjacent to the
16S and 23S genes. The technique was performed as described by
Couto et al. (2001) using primers G1 (5′-GAAGTCGTAACAAGG) and
L1 (5′-CAAGGCATCCACCGT). The efﬁciency of ampliﬁcation was
monitored by electrophoresis on 3% metagen agarose gel prepared
in 1.0X TBE buffer and stained with SYBR® Safe. The size of the ampli-
ﬁed products was compared with the 100-bp standard and the gels
were photographed under UV transillumination.
2.13. Statistical analysis
The accuracy of the coagulase and DNAse tests and of the pheno-
typic methods for Staphylococcus spp. identiﬁcation (novobiocin
disk, simpliﬁed battery of biochemical tests and Vitek I system) was
evaluated by testing the sensitivity and speciﬁcity according toFletcher et al. (1991). Detection of the coa gene and ITR-PCR was
used as gold standards, respectively.3. Results
3.1. Comparison between the DNAse test, tube coagulase test,
and coagulase (coa) gene detection
Among the 101 isolates studied, all 17 S. aureus strainswere positive
for coagulase, DNAse and the coa gene. In contrast, two of the 84 CoNS
strains were DNAse positive, but were negative for coagulase and the
coa gene. The remaining 82 strains were negative for coagulase,
DNAse, and the coa gene. The DNAse test showed 100% sensitivity and
97.6% speciﬁcity. The coagulase test presented values similar to those
of the genotypic reference method (coa gene), with 100% sensitivity
and speciﬁcity. Agreement rates were 98.0% for DNAse and 100.0% for
coagulase.3.2. Phenotypic and genotypic identiﬁcation of Staphylococcus spp.
The novobiocin disk identiﬁed 57 isolates as S. saprophyticus and
27 as S. epidermidis strains. The simpliﬁed battery of biochemical
tests identiﬁed 57 isolates as S. saprophyticus, 15 as S. epidermidis,
seven as S. haemolyticus, four as S. warneri, and one as S. lugdunensis,
whereas the Vitek I system identiﬁed 48 as S. saprophyticus, 12 as
S. epidermidis, nine as S. haemolyticus, and four as S. warneri.
ITR-PCR identiﬁed 57 isolates as S. saprophyticus, 16 as S. epidermidis,
eight as S. haemolyticus, two as S. warneri, and one as S. lugdunensis.
However, six S. auricularis strains, four S. simulans and one S. xylosus
were only identiﬁed by the Vitek I system. The 17 S. aureus isolates
were identiﬁed by all methods (Table 1).
With respect to S. saprophyticus identiﬁcation, the Vitek I system
failed to detect novobiocin resistance in six of the nine isolates,
followed by the positive arginine test (ﬁve isolates), and four isolates
showed both tests in disagreement. The ﬁve S. epidermidis isolates
identiﬁed as S. auricularis by the Vitek I system were sucrose negative
and the two S. warneri isolates presented a negative urease test. With
respect to the two species erroneously identiﬁed by the simpliﬁed
battery of biochemical tests, S. haemolyticuswas incorrectly identiﬁed
in the urease test and S. epidermidis gave an incorrect result in the tre-
halose test (Table 2).
Regarding the sensitivity and speciﬁcity of the identiﬁcation
methods for all species tested, sensitivity and speciﬁcity were 89.1%
for the novobiocin disk, 81.2% and 92.0% for the Vitek I system, re-
spectively, and 98.0% for the simpliﬁed battery of biochemical tests.
Table 2
Evaluation of biochemical tests that failed to identify species.
No. ITR-PCR Simpliﬁed battery Vitek I system
Identiﬁcation Identiﬁcation Incorrect
test
Identiﬁcation Incorrect
test
1 S. saprophyticus S. saprophyticus – S. warneri Arg +;
Rib +
1 S. saprophyticus S. saprophyticus – S. warneri Arg +;
Nov S
1 S. saprophyticus S. saprophyticus – S. warneri Rib +
1 S. saprophyticus S. saprophyticus – S. warneri Nov S
2 S. saprophyticus S. saprophyticus – S. simulans Arg +;
Nov S
1 S. saprophyticus S. saprophyticus – S. simulans Nov S
1 S. saprophyticus S. saprophyticus – S. xylosus Xyl +
1 S. saprophyticus S. saprophyticus – S. haemolyticus Arg +;
Nov S;
Ara +
4 S. epidermidis S. epidermidis – S. auricularis Sac −
1 S. epidermidis S. epidermidis – S. simulans Man +;
Tre +
1 S. epidermidis S. warneri Tre + S. auricularis Sac −
1 S. warneri S. warneri – S. haemolyticus Ure −
1 S. warneri S. warneri – S. auricularis Ure −
1 S. haemolyticus S. warneri Ure + S. epidermidis Ure +;
Arg −;
Tre −
1 S. lugdunensis S. lugdunensis – S. epidermidis Lac −;
Tre −
+: positive; −: negative; S: sensitive; Arg: arginine decarboxylation; Rib: ribose
metabolism; Nov: novobiocin resistance; Xyl: xylose metabolism; Ara: arabinose
metabolism; Sac: saccharose metabolism; Man: mannitol metabolism; Tre: trehalose
metabolism; Ure: urease production; Lac: lactose metabolism. The biochemical test
resultswere comparedwith the identiﬁcation tables describedbyKonemann et al. (2001).
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Comparison of the coagulase test with DNAse production showed
that all strains identiﬁed as S. aureus by the tube coagulase test were
also DNAse positive. Rao et al. (2002) detected four MRSA isolates
with a negative DNAse result that were conﬁrmed to be S. aureus.
However, in the present study no DNAse-negative isolate was identi-
ﬁed as S. aureus. The sensitivity and speciﬁcity of the DNAse test were
100.0% and 97.6% in the present study. Similar results have been
reported by Bello and Qahtani (2005) (93.0% sensitivity and 96.0%
speciﬁcity), whereas Kateete et al. (2010) found lower values (75.0%
sensitivity and 96.0% speciﬁcity) of the DNAse test.
In the present study, two (2.3%) of the 84 CoNS strains were DNAse
positive, a ﬁnding conﬁrming the production of this enzyme by CoNS.
The DNAse test showed good correlation with the coagulase test and
with the detection of the coa gene for S. aureus identiﬁcation. The objec-
tive of the DNAse test in this study was to distinguish S. aureus from
CoNS species. However, this test should be used with caution since it
may identify CoNS isolates as S. aureus or S. aureus isolates as CoNS as
reported in other studies (Rao et al., 2002; Bello and Qahtani, 2005;
Kateete et al., 2010).
In the present study,most of the species isolatedwere S. saprophyticus
(56.4%), although other species were also identiﬁed at a lower fre-
quency: S. aureus (16.9%), S. epidermidis (15.9%), S. haemolyticus (7.9%),
S. warneri (1.9%), and one S. lugdunensis (1.0%).
Antibiotic resistance is usually encoded by plasmids and novobio-
cin resistance genes can therefore be transferred within and between
species (D'Azevedo et al., 2007). No other novobiocin-resistant non-S.
saprophyticus species was identiﬁed in the present study. However,
novobiocin resistance has been described in CoNS species other
than S. saprophyticus (Large et al., 1989; Cunha and Lopes, 2002;
D'Azevedo et al., 2007), including strains isolated from patients with
UTI (McTaggart and Elliott, 1989; Higashide et al., 2008).
Trabulsi et al. (1989) suggested that the three main staphylococcal
species of clinical interest could be identiﬁed by the coagulase testand novobiocin susceptibility (S. aureus: coagulase positive and novobi-
ocin sensitive; S. epidermidis: coagulase negative and novobiocin sensi-
tive; S. saprophyticus: coagulase negative and novobiocin resistant). In
the present study, all S. aureus and S. saprophyticus isolates were cor-
rectly identiﬁed using only the results of the coagulase test and novobi-
ocin resistance. However, other species were detected among the 27
novobiocin-sensitive isolates identiﬁed as S. epidermidis and 11 isolates
were incorrectly identiﬁed when only these parameters were used.
Therefore, additional tests are necessary for correct identiﬁcation.
In the present study, the agreement between ITR-PCR and the
Vitek I system was 81.2%. Vitek I identiﬁed 100% of the S. aureus iso-
lates, 84.2% of the S. saprophyticus isolates, 62.5% of the S. epidermidis
isolates, and 87.5% of the S. haemolyticus isolates, but did not identify
the S. warneri or S. lugdunensis isolates. Bannerman et al. (1993) com-
pared the Vitek I system (Biomérieux) with the conventional bio-
chemical tests in 500 clinical isolates and obtained 89.0% agreement.
Vitek I correctly identiﬁed 92.0% of the S. epidermidis isolates, 95.0%
of S. haemolyticus, 88.0% of S. capitis subsp. capitis, and 100.0% of
S. saprophyticus. The authors also found three S. warneri isolates that
were identiﬁed as S. epidermidis, S. simulans, and S. conhii; one
S. simulans strain was erroneously identiﬁed as S. warneri or
S. hominis. Of the 37 S. hominis isolates, seven were identiﬁed incor-
rectly and three (43.0%) were identiﬁed as S. epidermidis, three
(43.0%) as S. saprophyticus, and one (14.0%) as S. warneri.
ITR-PCR identiﬁed 57 S. saprophyticus strains, 16 S. epidermidis, eight
S. haemolyticus, two S. warneri and one S. lugdunensis. Six S. auricularis
isolates, four S. simulans isolates and one S. xylosus strains were only
identiﬁed by Vitek I. Surely the issue is that Vitek I is not identifying
some species correctly (e.g., S. auricularis is rarely reported in clinical
studies). All 57 S. saprophyticus isolates studied were correctly identi-
ﬁed using only the novobiocin disk, a ﬁnding demonstrating that novo-
biocin susceptibility distinguishes S. saprophyticus from other species in
urine samples.
In the present study, Vitek I incorrectly identiﬁed six S. epidermidis
isolates, ﬁve of them being identiﬁed as S. auricularis and one as
S. simulans. The two S. warneri strains detected by ITR-PCR were incor-
rectly identiﬁed by the Vitek I system (one as S. haemolyticus and the
other as S. auricularis) and no agreement between these methods was
observed. One of the eight S. haemolyticus strains was identiﬁed as S.
epidermidis. The Vitek I system incorrectly identiﬁed nine of the 57 S.
saprophyticus isolates (four as S. warneri, three as S. simulans, one as S.
haemolyticus, and one as S. xylosus). Caierão et al. (2006) compared 94
CoNS isolates identiﬁed by the conventional biochemical method
(Bannerman et al., 1993) and by the Vitek I system and found 20 incor-
rectly identiﬁed isolates (11 were S. hominis). The automated Vitek I
system was able to correctly identify 74 of the 94 isolates (78.7%).
These results are similar to those obtained in the present study, in
which Vitek I correctly identiﬁed 82 (81.1%) of the 101 isolates. A slight-
ly lower rate was reported in the study of Bannerman et al. (1993) in
which 454 of 500 isolates were correctly identiﬁed (90.8%).
One of the major challenges in CoNS identiﬁcation is related to the
fact that some genes are often not expressed, thus preventing the
identiﬁcation of certain strains within the same species. Furthermore,
isolates from patients submitted to long-term antibiotic therapy can
change their typical biochemical characteristics. In these cases,
ITR-PCR can be used to identify rare phenotypes and aberrant species.
Although ITR-PCR has some limitations in the identiﬁcation of certain
closely related species (Fox et al., 2010), the S. saprophyticus isolates
exhibited a unique band pattern. In addition, other species which
are difﬁcult to differentiate from S. saprophyticus by ITR-PCR, such
as Staphylococcus chromogenes, Staphylococcus cohnii, Staphylococcus
equorum, Staphylococcus gallinarum, Staphylococcus lentus, and
Staphylococcus xylosus (Couto et al., 2001), were not detected in this
study and are usually not associated with UTI in humans.
With respect to accuracy, the simpliﬁed battery of biochemical
tests and the novobiocin susceptibility test showed 100.0% sensitivity
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presented 84.2% sensitivity and 100.0% speciﬁcity. Despite rapid iden-
tiﬁcation (2 to 15 h) and the large number of biochemical tests used,
Vitek I failed to identify the CoNS species most frequently isolated
from urine samples: S. saprophyticus mainly because of the lack of
detection of novobiocin resistance in some isolates (6/9), and
S. epidermidis, the second most frequent CoNS in urine samples and
the most common in other clinical materials, due to failure in the
sucrose test (5/5). Regarding the two species erroneously identiﬁed
by the simpliﬁed battery of biochemical tests, S. haemolyticus was
incorrectly identiﬁed in the urease test and the same isolate was
also urease positive by Vitek I. This ﬁnding suggests that rare
S. haemolyticus strains might be urease positive. S. epidermidis gave
a positive result in the trehalose test. Sugar contamination may
have occurred in this case since the same isolate was trehalose nega-
tive by Vitek I.
The simpliﬁed battery of biochemical tests was superior in staph-
ylococcal identiﬁcation since essential tests for the identiﬁcation of
certain species are not included in the Vitek I system and because of
longer incubation periods for some sugar fermentation tests (72 h)
as reported by Cunha et al. (2004). S. warneri and S. haemolyticus
were the species most difﬁcult to identify. This difﬁculty has also
been reported by other authors (Bannerman et al., 1993; Ieven
et al., 1995; Cunha et al., 2004) and can be explained by the lack of
complementary and essential tests such as hemolysin production.
Kim et al. (2008) compared the results of 120 clinical CoNS iso-
lates identiﬁed with the Vitek 2 system and the Microseq 500 system
(Applied Biosystems), a commercial system for analysis of the 16S
rRNA gene. Vitek 2 correctly identiﬁed 105 (87.5%) of the isolates
and 6 (5.0%) incorrectly. When the result with low level of discrimi-
nation and the correct identiﬁcation were conjointly considered, the
agreement rate was 95.0% (114/120). Therefore, even when an
updated device and software were used, the rate of agreement be-
tween the genotypic identiﬁcation method and automation was
lower than agreement between the simpliﬁed battery of biochemical
tests (98.0%) and genotypic method used in this study. These ﬁndings
demonstrate that, although being faster, the automated systems are
still not capable of reliably differentiating CoNS species.
The simpliﬁed battery of biochemical tests showed agreement of
98.0% with ITR-PCR, whereas the Vitek system and novobiocin disk
exhibited 81.2% and 89.1% agreement with ITR-PCR, respectively.
The low agreement of Vitek I was mainly due to the identiﬁcation of
nine S. saprophyticus strains as other species. On the other hand, the
better correlation of the novobiocin disk with ITR-PCR was exactly
due to the fact that the former identiﬁed all S. saprophyticus isolates
and because no novobiocin-resistant CoNS species other than
S. saprophyticus was detected among the species studied.
In the present study, all novobiocin-sensitive species were identi-
ﬁed as S. epidermidis; hence, when agreement with ITR-PCR was ana-
lyzed, there was the false impression that it would be a good
method for the identiﬁcation of S. epidermidis (100.0% agreement).
However, other novobiocin-sensitive species (eight S. haemolyticus,
two S. warneri, and one S. lugdunensis) would have been identiﬁed as
S. epidermidis if only this test had been used, with a speciﬁcity of the
novobiocin disk for this species of 87.0%. As a consequence, the best
recommendation for laboratories where no automated systems are
available or where biochemical tests are not performed for species
identiﬁcation would be to release these results as CoNS in order to
prevent identiﬁcation errors.
The novobiocin disk is a feasible alternative for the identiﬁcation of
S. saprophyticus in urine samples in laboratories with limited resources.
In addition, ITR-PCR and the simpliﬁed battery of biochemical tests
weremore reliable than the automated system for identifying staphylo-
cocci. Despite a decline in the costs of molecular techniques over the
past few years, this method is still expensive for routine use in clinical
microbiology laboratories. In this respect, the simpliﬁed biochemicalmethod proposed by Cunha et al. (2004) is a feasible and low-cost alter-
native that is easy to perform and provides reliable results. In addition,
the time necessary for Staphylococcus spp. identiﬁcation in urine
samples can be reduced by performing the urease and novobiocin
tests during the ﬁrst phase.Acknowledgments
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